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(54) OAS TURBINE SPLIT RING 

(57) Gas turbine segmental ring has an Increased 
rigidity to suppress a thermal deformation and enables 
less cooling air leakage by less number of connecting 
portions of segment structures. Cooling air (70) from a 
compressor flows through cooling holes (61) of an im- 
pingement plate (60) to enter a cavity (62) and to im- 
pinge on a segmental ring (1) for cooling thereof. The 
cooling air (70) further flows into cooling passages (64) 
from openings (63) of the cavity (62) for cooling an In- 
terior of the segmenlal ring (1 ) and is discharged Into a 
gas path from openings of a rear end of the segmental 
ring (1). Waffle pattern (10) of rfos arranged in a lattice 
shape is formed on an upper surface of the segmental 
ring (1 ) to thereby increase the rigidity. A plurality of slits 
(6) are formed in flanges (4, 5) extending In the turbine 
circumferential direction to thereby absorb the deforma- 
tion and thermal deformation of the sec/nentaJ ring (1) 
Is suppressed. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a gas turbine * 
segmental ring made In such a structure that a cooling 
air leakage from connecting portions of segment struc- 
tures is reduced as well as a thermal deformation in 
each of the segment structures and a restraining force 
caused by the thermal deformation are reduced. 10 

BACKGROUND ART 

[0002] Fig. 4 is a cross sectional view generally show- 
ing a front stage gas path portion of a gas turbine. In 15 
Fig. 4, Immediate downstream of a fitting flange 31 of a 
combustor 30 in a flow direction of combustion gas 50, 
a first stage stationary blade (1c) 32 has Its both ends 
fixed to an outer shroud 33 and inner shroud 34 and a 
plurality of the first stage stationary blades 32 are ar- so 
ranged in a turbine circumferential cfirectfon being fixed 
to an inner side of a turbine casing on a stationary side 
of the gas turbine. Downstream of the first stage station- 
ary blado 32, a plurality of first stage moving blades (1s) 
35 are arranged in the turbine circumferential direction 2$ 
being fixed to a platform 38. The platform 36 Is fitted 
around a rotordisc and thus the moving bladc35 rotates 
together with a rotor (not shown). Along the turbine cir- 
cumferential direction close to a tip of the moving blade 
35, a segmental ring 42 of an annular shape formed of 30 
a plurality of segment structures is arranged being fixed 
to the turbine casing side. 

[0003] Downstream of the first stage moving blade 35, 
a second stage stationary btade (2c) 37 has its both 
ends fixed to an outer shroud 38 and inner shroud 39 35 
and likewise a plurality of the second stage stationary 
blades 37 are arranged in the turbine circumferential di- 
rection being fixed to the stationary side. Also, down- 
stream thereof, a plurality of second stage moving 
blades (2s) 40 are arranged In the turbine circumferen- <o 
tiat direction being fixed to a rotor disc (not shown) via 
a platform 41 . Along the turbine circumferential direction 
close to the tip of the moving blade 40, likewise a seg- 
mental ring 43 formed of a plurality of segment struc- 
tures is arranged. The gas turbine having such a blade 
arrangement Is usually constructed of four blade stages 
and the combustion gas 50 of a high temperature gen- 
erated at the combustor 30 flows in the first stage sta- 
tionary blade (1c) 32. While the combustion gas 50 
passes through the respective blades of the second to so 
the fourth stages, it expands to rotate the moving blades 
35, 40, etc. and thus to rotato tho rotor and is then dis- 
charged. 

[0004] Fig. 5 is a cross sectional view showing a detail 
of the segmental ring 42 that is arranged dose to the tip 55 
of the first stage moving blade 35, as described above. 
In Fig. 5, numeral 60 designates an Impingement plate, 
that Is fitted to a heat insulating ring 65 on the turbine 
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casing side and comprises a plurality of through holes 
as cooling holes 61 . The segmental ring 42 also is fitted 
to the heat insulating ring 65 and comprises a plurality 
of cooling passages 64 bored in the respective segment 
structures along a turbine axial direction or along a di- 
rection of main flow gas 80. Each of the cooling passag- 
es 64 has at one end an opening 63 that opens in an 
upper surface of the segmental ring 42 on the upstream 
side and has at the other end an opening that opens in 
a circumferential side end surface of the segmental ring 
42 on the downstream side, as shown in Fig. 5. 
[0005] In the construction described above, cooling 
air 70 bled from a compressor or supplied from an out- 
side cooling air supply source flows through the cooling 
holes 61 of the impingement plate 60 to enter a cavity 
62 below the impingement plate 60 and to impinge on 
the segmental ring 42 for effecting a forced cooling or 
Impingement cooling ol the segmental ring 42. Then, the 
cooling air 70 in the cavity 62 flows into the cooling pas- 
sages 64 from the openings 63 for cooling an Interior of 
the segmental ring 42 and is discharged into the main 
flow gas 00 from the openings of the rear end of the seg- 
mental ring 42. 

[0006] Fig. 6 is a partial perspective vlow of tho seg- 
mental ring 42 described above. As shown there, the 
segmental ring 42 Is formed In the annular shape of the 
plurality of segment structures arranged and connected 
to one another in the turbine circumferential direction. 
The impingement plate 60 Is arranged above, or on the 
outer side of, the segmental ring 42 and the cavity 62 is 
formed between the impingement ptate 60 and a re- 
cessed portion of the upper side of the segmental ring 
42. Thus, as mentioned above, the cooling air 70 enter- 
ing the cavity 62 through the cooling holes 61 impinges 
on an upper wall surface of the segmental ring 42 to for- 
cfoly cool the segmental ring 42 and then flows through 
the cooling passages 64 to cool the interior of the seg- 
mental ring 42 arid is cfischarged Into the main flow gas 
80. 

[0007] In the gas turbine segmental ring, in order to 
prevent a reverse flow of the main flow gas 80, pressure 
of the cooing air 70 in the cavity 62 is made higher rel- 
ative to that of the main flow gas 80. Hence, In addition 
to the amount of the cooling air flown through the seg- 
mental ring 42 and effectively used for the cooling there- 
of, there Is some amount of the air leaklngfrom connect- 
ing portions of the segment structures of the segmental 
ring 42. Thus, as the number of the segment structures 
becomes larger, the number of the connecting portions 
thereof becomes larger and the amount of the leaking 
air becomes also larger, which results in the reduction 
of tho cooling efficiency. Moreover, as tho surface of the 
segmental ring 42 is directly exposed to the high tem- 
perature main flow gas 80, unusual force due to thermal 
deformation of the segment structures may arise so that 
a roundness of the segmental ring 42 may be hardly 
maintained, which results in causing an increase of the 
air amount leaking from the connecting portions and in 



PAGE 70/80 ■ RCVD AT 7/17/2008 2:03:25 PM [Eastern Daylight Time] ' SVR:USPTO-EFXRF-2/15 • DNJS:2738300 ■ CSID:203 761 1924 ■ DURATION (mm-ss): 35-26 



07/17/2006 13:51 FAX 203 761 1924 



GE INFRASTRUCTURE 



(g|071 



EP 1 178 182 A1 



giving 8n unfavorable influence on the clearance be- 
tween the tip of the moving blade 35 and the segmental 
ring 42. 

DISCLOSURE OF THE INVENTION 

[0008] In view of the problems In the prior art, it is an 
object of the present invention to provide a gas turbine 
segmental ring made In such a structure that the number 
of segment structures forming the segmental ring is 
lessened so as to reduce a cooling air leakage amount 
and each of the segment structures Is formed so as to 
reduce a thermal deformation thereof as well as to ab- 
sorb a distortion caused by the thermal deformation. 
[0009] In order to achieve the mentioned object, the 
present invention provides the means of the following 
inventions (1)and (2): 

(1) A gas turbine segmental ring formed In an an- 
nular shape of a plurality of segment structu res con- 
nected to one another In a turbine circumferential 
direction and arranged to be fitted to an inner cir- 
cumferential surface of a turbine casing with a pre- 
determined cioaranco being maintained between it- 
self and a tip of a moving blade, each of the segment 
structures having at its turbine axial directional front 
and rear end portions flanges extending In the tur- 
bine circumferential direction to be fitted to the tur- 
bine casing, characterized in that each of the seg- 
ment structures Is constructed such that the flanges 
have their flange portions cut in so that a plurality 
of slits may be formed along the turbine axial direc- 
tion and a plurality of ribs arranged to form a lattice 
shape are provided to project from an upper surface 
existing between the flanges of the segment struc- 
ture. 

(2) A gas turbine segmental ring as mentioned in 
the invention (1) above, characterized in being 
formed in the annular shape of 15 pieces of the seg- 
ment structures. 

[0010] In the invention (1) above, as the plurality of 
slits are formed in the flanges to be fitted to the turbine 
casing, even if the thermal deformation may arise, it can 
be absorbed by the deformation of these slits. Also, as 
the waffle pattern of the ribs is formed on the upper bot- 
tom surface of the segment structure to increase the ri- 
gidity, the thermal deformation of the segment struc- 
tures can be suppressed to the minimum and the round- 
ness of the segmental ring can be secured. 
[0011] In the invention (2) above, the annular shape 
of tho segmental ring is formed of tho 15 pieces of tho 
segment structures, which is a half of 30 pieces of the 
segment structures of the prior art case. Thereby, the 
connecting portions of the segment structures are also 
reduced to the half of the prior art case, the cooling air 
amount leaking from the connecting portions can be re- 
markably reduced and the cooling efficiency can be 
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greatly enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

Figs. 1(a) and 1(b) show a gas turbine segmental 
ring of one embodiment according to the present 
invention , wherein Fig. 1 (a) is a cross sectional view 
and Fig. 1 (b) is a view seen from line A-A of Rg. 1 
(a). 

Fig. 2 is a perspective view of one of segment struc- 
tures forming the segmental ring of Fig. 1 . 
Figs. 3(a) and 3(b) are front views showing an upper 
half portion of the segmental ring for explaining the 
number of pieces of the segment structures, where- 
in Fig. 3(a) is of the present Invention and Fig. 3(b) 
is of the prior art. 

Fig. 4 is a cross sectional view generally showing a 
front, stage gas path portion of a gas turbine in the 
prior art. 

Fig. 5 is a cross sectional view showing a detail of 
a gas turbine segmental ring In the prior art. 
Fig. 6 is a partial perspective view of the segmental 
ring of Fig. 5. 

BEST MODE FOR CARRYING OUT THE INVENTION 



[0013] Herebelow, an embodiment according to the 

3> present invention will be described with reference to fig- 
ures. Figs. 1 (a) and 1 (b) show a gas turbine segmental 
ring of the embodiment according to the present inven- 
tion, wherein Fig. 1 (a) is a cross sectional view and Fig. 
1(b) is a view seen from fine A-A of Fig. 1(a). In Figs. 1 

35 (a) and 1 (b), like in the prior art case shown in Rg. 5, a 
segmental ring 1 is formed in an annular shape of a plu- 
rality of segment structures arranged and connected to 
one another in the turbine circumferential direction. The 
segmental ring 1 is fitted to the heat insulating ring 65 

40 and comprises a plurality of cooling passages 64 bored 
therein, each of the cooling passages 64 having at one 
end an opening 63 that opens into the cavity 62 and at 
the other end an opening that opens toward the down- 
stream side in a circumferential side end surface of the 

« segmental ring 1 . Further, the same Impingement plate 
60 as the prior an one is fined to the heat Insulating ring 
65. Each of the segment structures of the segmental ring 
1 comprises flanges 4, 5, to be fitted to the turbine casing 
side, erecting from front and rear end portions of the 

so segment structure and extending in the turbine circum- 
ferential direction as well as flanges 2, 3 erecting from 
circumferential end portions of tho segment structure 
and extending in the turbine axial direction. Thus, a con- 
cave portion is formed being surrounded by the four 

95 Manges 2, 3, 4 and 5 on the upper side of each of the 
segment structures. 

[0014] Each of the Manges 4, 5 extending In the cir- 
cumferential direction is partially cut in so as to form a 
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plurality of silts 6 along the axial direction and thus the 
flange is made In such a structure that a bending or dis- 
torting force caused by the thermal deformation is ab- 
sorbed by the plurality of slits 6 to thereby prevent the 
deformation. It is preferable that the number of the slits 
6 per flange is 5 or more. On an upper bottom surface 
of the concave portion of the segment structure, a plu- 
rality of ribs arranged in a lattice shape are provided to 
project from the bottom surface so that a waffle pattern 
10 is formed to thereby strengthen the rigidity of the bot- 
tom portion of the concave portion. In Fig. 1(b), an ex- 
ample of the waffle pattern 10 having three ribs along 
the circumferential direction and five ribs along the axial 
direction is shown but the number of the ribs Is not lim- 
ited to this example. 

[001 5] Fig. 2 is a perspective view of the segment 
structure described above. There are provided a plural- 
ity of the silts 6 In the flanges 4, 5 extending In the turbine 
circumferential direction at the front end rear end por- 
tions of the segmental ring 1 . Each of the slits 6 is formed 
in the most favorable shape in terms of the work thereof. 
The waffle pattern 10 of the lattice shape is formed on 
the bottom surface of the concave portion of the seg- 
ment structure and a plurality of cooling passages 7 aro 
provided in the interior of the segment structure. Thus, 
one of the segment structures forming the segmental 
ring 1 is so constructed, and a plurality of such segment 
structures are connected to one another to form the seg- 
mental ring 1 of the annular shape. The segmental ring 
1 is arranged close to the tip of the moving blade so as 
to maintain an appropriate clearance therebetween. 
Tne number of pieces of the segment structures forming 
one segmental ring, as described below with respect to 
Figs. 3(a) and 3(b), is made as small as 15 pieces, as 
compared with 30 pieces of the conventional case, so 
that connecting portions of the segment structures may 
be reduced and cooling air amount leaking from the con- 
necting portions may also be reduced. 
[0016] In the segmental ring shown in Fig. 1 and con- 
structed as mentioned above, cooling air 70 bled from 
a compressor or supplied from an outside supply source 
flows through the cooling holes 61 of the Impingement 
plate 60 to enter the cavity 62 and to impinge on the 
upper bottom surface of the segmental ring i for effect- 
ing a forced cooling or Impingement cooling of the seg- 
mental ring 1 . Then, the cooling air 70 flows Into the cool- 
ing passages 64 from the openings 63 for cooflng the 
interior of the segmental ring 1 and Is discharged into 
the main flow gas 80 from the openings of the rear end 
of the segmental ring 1 . 

[0017) In the segmental ring 1 that is exposed to the 
high temperature gas, white a deformation may arise 
due to the occurrence of distortion caused by the tem- 
perature difference between the lower surface portion 
that is exposed to the high temperature gas and the up- 
per surface portion on the cavity 62 side, the waffle pat- 
tern 10 is formed on the upper surface on the cavity 62 
side to thereby strengthen the rigidity and so the defor- 



mation can be suppressed to the minimum. Also, a de- 
formation that may be caused in the flanges 4^ is -ab- 
sorbed by the deformation of the plurality of sfits 6 so 
that the roundness of the segmental ring 1 may not be 
5 changed. 

[0018) Rgs. 3(a) and 3(b) are front views showing an 
upper half portion of the segmental ring for explaining 
the number of pieces of the segment structures forming 
the segmental ring, wherein Fig. 3(a) is of the present 
io invention and Fig. 3(b) is of the prior art. In the prior art 
segmental ring shown In Fig. 3(b), 6 2 Is 12 degrees 
(62=1 2*) and 30 pieces of the ring segments are ar- 
ranged and connected to one another In the annular 
shape. On the other hand, in the present invention 
'5 shown in Fig. 3(a), each of the segment structures Is 
elongated in the circumferential direction so that e t is 
set to 24 degrees (6, =24°) and 1 5 pieces of the segment 
structures, which Is a half of the prior an case, are ar- 
ranged and connected to one another in the annular 

20 shape. By so connecting the elongated segment struc- 
tures In the annular shape, the number of the segment 
structures Is lessened, the connecting portions thereof 
are reduced and the air amount leaking from the con- 
necting portions can bo roducod. 
[0019] According to the gas turbine segmental ring of 
the described embodiment, the plurality of slits 6 are 
provided in the flanges 4, B extending In the turbine cir- 
cumferential direction at the front and rear ends of the 
segmental ring 1 and the waffle pattern 1 0 is formed on 

30 the upper bottom surface of the segmental ring 1 . There- 
by, the thermal deformation of the segmental ring 1 is 
suppressed as well as absorbed and the roundness of 
the segmental ring 1 can be secured. Moreover, the 
number of pieces of the segment structures Is set to 15 

35 pieces, which is a half of 30 pieces of the prior art case, 
and the connecting portions are reduced. Hence, the air 
amount leaking from the connecting portions can be re- 
duced and the cooling effect can be enhanced. 

INDUSTRIAL APPLICABILITY 



[0020] The present Invention provides the gas turbine 
segmental ring formed In an annular shape of a plurality 
of segment structures connected to one another In a tur- 
** bine circumferential direction and arranged to be fitted 
to an inner circumferential surface of a turbine casing 
with a predetermined clearance being maintained be- 
tween itself and a tip of a moving blade, each of the seg- 
ment structures having at its turbine axial directional 
50 fronl find rear end portions flanges extending In the tur- 
bine drcumferentiaJ direction to be fitted to the turbine 
casing, characterized in that oach of tho segmont struc- 
tures is constructed such that the flanges have their 
flange portions cut in so that a plurality of slits may be 
55 formed along the turWne axial direction and a plurality 
of rfos arranged to form a lattice shape are provided to 
project from an upper surface existing between the 
flanges of the segment structure. 
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[0021] By this construction, as the plurality of silts are 
formed in the flanges to be fitted to the turbine casing, 
even if the thermal deformation may arise, It can be ab^ 
sorbed by the deformation of these slits. Also, as the 
waffle pattern of the ribs is formed on the upper bottom s 

• surface of the segment structure to increase the rigidity, 
the thermal deformation of the segment structures can 

# be suppressed to the minimum and the roundness of 
the segmental ring can be secured 

£0022) The present Invention further provides the gas w 
turbine segmental ring as mentioned above, character- 
ized in being formed in the annular shape of 15 pieces 
of the segment structures. By this construction, trie an- 
nular shape of the segmental ring Is formed of the 15 
pieces of the segment structures, which is a half of 30 is 
pieces of the segment structures of the prior art case. 
Thereby, the connecting portions of the segment struc- 
tures are also reduced to the half of the prior art case, 
the cooling air amount leaking from the connecting por- 
tions can be remarkably reduced and the cooling effi- to 
ciency can be greatly enhanced. 



Claims 

25 

1. A gas turbine segmental ring formed In an annular 
shape of a plurality of segment structures connect- 
ed to one another in a turbine circumferential dfrec- 
tion and arranged to be fitted to an inner circumfer- 
ential surface of a turbine casing with a predeter- so 
mined clearance being maintained between Itself 
and a tip of a moving blade, each of said segment 
structures having at its turbine axial directional front 
and rear end portions flanges extending in the tur- 
bine circumferential direction to be fitted to the tur- 35 
bine casing, characterized In that each of said 
segment structures is constructed such that said 
flanges have their flange portions cut in so that a 
plurality of slits may be formed along the turbine ax- 
ial direction and a plurality of ribs arranged to form 40 
a lattice shape are provided to project from an upper 
surface existing between said flanges of the seg- 
ment structure. 

2. A gas turbine segmental ring as claimed In Claim 1 , 
characterized in being formed in the annular 
shape of 15 pieces of said segment structures. 
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Fig. 1(a) 
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